Appendix 1: Program Listing

/****************************************************************/

/* vourtrack: our tracking program                              */

/****************************************************************/

#include "VisXV4.h"          /* VisX structure include file     */

#include "Vutil.h"           /* VisX utility header files       */

unsigned firstIntensity;     /* first pixel value of the region */

unsigned range;              /* range of values for a region    */

VisXimage_t *ib;             /* multiframe image buffer         */

VisXimage_t tm;              /* temp image  structure           */

VisXimage_t im;              /* temp image  structure           */

VisXimage_t track;           /* output track image              */

VisXimage_t template[50];    /* template image                  */

VisXimage_t segImm;          /* segmented output image          */    

VisXimage_t Mn;              /* output motion image             */

float    templatebbx[50][4]; /* bounding box of the template    */ 

unsigned    numPixel;        /* counter for current object size */

unsigned    motionSize;      /* minimum motion size of interest */

unsigned    backgroundSize;  /* maximum object size of interest */

unsigned    labelNum;        /* counter for # objects in a frame*/    

unsigned    extra;           /* extra leeway for overlap space  */

unsigned    setZero;         /* boolean signal to delete object */

struct point{ unsigned x; unsigned y;};  /* structure for point */

struct point pmin[50],pmax[50],p2min[50],

             p2max[50],object[50],tmppoint;

float getMAE(struct point Image, unsigned k); /* Error Function */

VXparam_t par[] =  

{

{ "if=",    0, " input file vourtrack"},

{ "of=",    0,   " output file  "},

{ "sf=",    0,   " segment file "},

{ "df=",    0,   " motion file  "},

{ "th=",    0,   " difference threshold "},

{ "r=",     0,   " range value for a region "},

{  0,       0,   0}

};

#define  IVAL   par[0].val

#define  OVAL   par[1].val

#define  OVAL2  par[2].val

#define  OVAL3  par[3].val

#define THVAL   par[4].val

#define  RVAL   par[5].val

VisXfile_t *VXin,                    /* input file structure  */

           *VXout, *VXout2,          /* output file structure */

           *VXout3;

VisXelem_t *VXlist,*VXpt;            /* VisX data structure   */

main(argc, argv)

int argc;

char *argv[];

{

int         i,j,k  ;               /* index counters                  */

int         objNum;

     /* number of objects in a frame    */

unsigned    delLabel[100];         /* the noisy objects to be deleted */

unsigned    frameNumber;           /* current frame number            */

unsigned    imageArea;             /* total image area                */

unsigned    bbxpadding; 

int         mergecount;

/*for template matching */

float       currError, minError; 

int         offset;

int         b1, b2, b3, b4, b5, b6, b7, b8; /*temp boolean expressions*/

int         n;                     /* number of frames                */

int         th;                    /* threshold value                 */

int         told;                  /* temp integer                    */

int         first;                 /* first time in the program       */

unsigned    Xmin[50],Xmax[50],     /* Location of each object's box   */

            Ymin[50],Ymax[50];

signed      compat[50][50],        /*Compatible object table          */

            numcompat[50];         /*number of compatible objects     */

    VXparse(&argc, &argv, par);    /* parse the command line              */

    VXin  = VXopen(IVAL, 0);       /* open input file                     */

    VXout = VXopen(OVAL, 1);       /* open the track output file          */

    VXout2 = VXopen(OVAL2, 1);     /* open the segment output file        */

    VXout3 = VXopen(OVAL3, 1);     /* open the template output file       */

    n = 2;                         /* binary difference needs 2 frames    */

    ib = VXsbufimage(VXin, n);     /* allocate buffer                     */

    first = 1;                     /* first two frames                    */

    frameNumber = 0;               /* current frame number                */

    extra = 0;


     /* Extra leeway for overlap area       */

    offset=2;                      /* Offset search location for matching */

    bbxpadding = 0;                /* padding space for the bbx           */

    th = 20;                       /* threshold for temporal difference   */

    range = 30;                    /* range for region growing of objects */

    motionSize =  45;              /* size filter to eliminate small noise*/ 

    backgroundSize = 340;          /* size filter to eliminate background */

    while(VXrbufimage(ib, VXin, n)) /* every frame */

    {

        VXfupdate(VXout, VXin);     /* update global constants */

        /****************  one-time intialization **********************/ 

        if (first) 

        { 


    if(THVAL) th = atoi(THVAL);        /* read user specified threshold */   


I   if( RVAL) range = atoi( RVAL);     /* read user specified range     */


    /* initialize the parameter */

          imageArea = (ib[0].xhi - ib[0].xlo) * (ib[0].yhi - ib[0].ylo);          

          motionSize = (unsigned)( (float)(motionSize)/100 * imageArea / 100 );


    backgroundSize  = (unsigned) ( (float)(backgroundSize) / 100 * 





imageArea / 100);


    objNum   = 0;


    fprintf(stderr, "motionSize %u\n",motionSize);


    fprintf(stderr, "backgroundSize %u\n",backgroundSize);

          /* make images */


    VXmakeimage(&tm, VX_PBYTE, ib[0].bbx, ib[0].chan); 

          VXmakeimage(&im, VX_PBYTE, ib[0].bbx, ib[0].chan); 

          VXmakeimage(&Mn, VX_PBYTE, ib[0].bbx, ib[0].chan); 


    VXmakeimage(&segImm, VX_PBYTE, ib[0].bbx, ib[0].chan);

          VXmakeimage(&track, VX_PBYTE, ib[0].bbx, ib[0].chan); 

          first = 0;

        }

        /********** Initialization for each frame *************/

        for (i=0;i<50;i++)


  {


    Xmin[i]=ib[0].xhi; 
    Xmax[i]=0;


    Ymin[i]=ib[0].yhi;      Ymax[i]=0;

          object[i].x = 0;        object[i].y=0;

          numcompat[i]=0;


  } 

       minError = 9999999;

       labelNum = 1;

       /***********  end Initialization   ******************/

       /********** Extract motion Image   ******************/   


/* get motion image into Mn*/

        for (i = Mn.ylo; i <= Mn.yhi; i++)

            for (j = Mn.xlo; j <= Mn.xhi; j++)

            {

              if( abs(ib[1].u[i][j] - ib[0].u[i][j]) >= th)



  Mn.u[i][j] = ib[0].u[i][j];

              else  Mn.u[i][j] = 0;

            }

      /* image filtering of the difference image by size constraint */


      /* only the survival pixels (not 0) are the motion pixels     */


VXembedimage(&tm,&Mn,1,1,1,1); /* copy Mn into temp image     */


/* first clear the image values to 0 in Mn structure */


  for (i = Mn.ylo; i <= Mn.yhi; i++)  


     for (j = Mn.xlo; j <= Mn.xhi; j++)       


       {  Mn.u[i][j] = 0; }


  for (i = Mn.ylo  ; i <= Mn.yhi  ; i++)   


   for (j = Mn.xlo  ; j <= Mn.xhi  ; j++)   


     { 


       /* if a motion pixel is found and the motion is not    */


       /* labelled then assigns recursively the pixel with    */


       /* first Intensity value                               */


        if(tm.u[i][j] != 0 && Mn.u[i][j] == 0)
      


        {



   numPixel = 0;  setZero = 0;



   firstIntensity = ib[0].u[i][j];



   setlabel(i,j,firstIntensity, Mn, tm);



    if(numPixel <= motionSize)



    {



      setZero = 1;



      setlabel(i,j,firstIntensity,Mn,tm);




    }



 }


     } 


 /***************End Motion Image Extraction  *********/


 /*******   Object Segmentation and Template Creation  *****/

       /******    Only Done for the first two frames         ****/


 if(frameNumber == 0)


    {


 
/* connected component labelling into im using region growing*/



       VXembedimage(&tm,&ib[0],1,1,1,1); /* copy ib[0] into temp image */


      /* first clear the image values to 0 in im structure */



  for (i = Mn.ylo; i <= Mn.yhi; i++)  



     for (j = Mn.xlo; j <= Mn.xhi; j++)       



       {im.u[i][j] = 0;}


      for (i = Mn.ylo  ; i <= Mn.yhi  ; i++)   


       for (j = Mn.xlo  ; j <= Mn.xhi  ; j++)   



 { 



   /* if a motion pixel is found and the component is not  */



   /* labelled then assigns recursively the pixel with     */



   /* current label value and increment label value        */



    if(Mn.u[i][j] != 0 && im.u[i][j] == 0)
      



    {



      numPixel = 0; setZero = 0;



       firstIntensity = ib[0].u[i][j];



       setlabel(i,j,labelNum, im, tm);



       if(numPixel >= backgroundSize || numPixel <= motionSize)




 delLabel[labelNum] = 1;  



       else




 delLabel[labelNum] = 0;



       labelNum++;



     }



 }    


  /* filter out the background in the segmented object image */


  for(k = 1; k < labelNum; k++)


    {


    for (i = Mn.ylo; i <= Mn.yhi; i++)  


      {


      for (j = Mn.xlo; j <= Mn.xhi; j++)       



{




  if(delLabel[k] == 1 && im.u[i][j] == k%255)




      segImm.u[i][j] == 0;





  else if(im.u[i][j] == k%255)



    {



      segImm.u[i][j] = ib[0].u[i][j]; 



      if(Xmin[objNum]>=j) Xmin[objNum]=j;



      if(Ymin[objNum]>=i) Ymin[objNum]=i;



      if(Xmax[objNum]<=j) Xmax[objNum]=j;



      if(Ymax[objNum]<=i) Ymax[objNum]=i;



    }



}


      }


    if(delLabel[k] != 1) objNum++;


    }


  /*Find the object that overlap*/


  for(i=0;i<50;i++)


    {   


    pmin[i].x=Xmin[i];
    pmin[i].y=Ymin[i];


    pmax[i].x=Xmax[i];
    pmax[i].y=Ymax[i];         


    }


  mergecount =5;


  while (mergecount >= 0) {mergecount--;


  /* record the overlapping object into compatible table */


  for(i=0;i<objNum;i++)


    {
  


      j=0;


      for(k=0; k!=i && k<objNum;k++)



{
 



  b1 = (pmin[i].x-extra <= pmin[k].x) && 

 (pmin[k].x <= pmax[i].x+extra);



  b2 = (pmin[i].y-extra <= pmin[k].y) && 

 (pmin[k].y <= pmax[i].y+extra);

              b3 = (pmin[i].x-extra <= pmax[k].x) && 

 


 (pmax[k].x <= pmax[i].x+extra);



  b4 = (pmin[i].y-extra <= pmax[k].y) && 

  

 (pmax[k].y <= pmax[i].y+extra);  



  b5 = (pmin[k].x-extra <= pmin[i].x) && 

 (pmin[i].x <= pmax[k].x+extra);



  b6 = (pmin[k].y-extra <= pmin[i].y) &&

 (pmin[i].y <= pmax[k].y+extra);

              b7 = (pmin[k].x-extra <= pmax[i].x) && 

 (pmax[i].x <= pmax[k].x+extra);



  b8 = (pmin[k].y-extra <= pmax[i].y) && 

 (pmax[i].y <= pmax[k].y+extra);

         
  if( (b1 && b2) || (b1 && b4) || (b2 && b3) || (b3 && b4) ||



      (b5 && b6) || (b5 && b8) || (b6 && b7) || (b7 && b8))

  

         
    {





    
compat[i][j++] = k;



    
if( pmin[i].x>=pmin[k].x ) pmin[i].x=pmin[k].x;

                    else pmin[k].x = pmin[i].x;



    
if( pmax[i].x<=pmax[k].x ) pmax[i].x=pmax[k].x;



    
  else pmax[k].x = pmax[i].x;



    
if( pmin[i].y>=pmin[k].y ) pmin[i].y=pmin[k].y;



    
  else pmin[k].y = pmin[i].y;



    
if( pmax[i].y<=pmax[k].y ) pmax[i].y=pmax[k].y;



    
  else pmax[k].y = pmax[i].y;

 



    }



}

   



numcompat[i]=j;


    }


  /* get rid of the compatible objects */ 


    for(i=0;i<objNum;i++)


    {  


      if(numcompat[i] != -1) 



{



  for(j=0; j!=i && j<objNum;j++)



    {






for(k = 0; k <= numcompat[i]; k++)




  {




    if(j == compat[i][k])




      numcompat[j] = -1;




  }



    }



}


    }


   /* record the non-overlapped objects' coordinates */


  k=0;


  for(i=0;i<objNum;i++)


    {


      if(numcompat[i]!=-1)



{



  p2max[k].x=pmax[i].x;  p2max[k].y=pmax[i].y;



  p2min[k].x=pmin[i].x;  p2min[k].y=pmin[i].y;



  k++;



}


    }


  objNum=k;


  for(i=0; i<objNum; i++) 

  {


    pmin[i].x =p2min[i].x;   pmin[i].y=p2min[i].y;


    pmax[i].x=p2max[i].x;   pmax[i].y=p2max[i].y;


    numcompat[i]=0;


    for(j=0; j<50; j++) compat[i][j]=0;


  }

} // End while loop


  /* create a bbx */

         VXembedimage(&track ,&ib[0],0,0,0,0); /* copy ib[0] into track */


 for(k=0;k<objNum;k++)


    {


      for(i = p2min[k].y-bbxpadding; i >=0 && 

                i <= p2max[k].y+bbxpadding; i++)



{



  if( (int) (p2min[k].x-bbxpadding) >= 0)



  track.u[i][p2min[k].x-bbxpadding]=255;



  track.u[i][p2max[k].x+bbxpadding]=255;



}


      for(j = p2min[k].x-bbxpadding; j>=0 && 

    j <= p2max[k].x+bbxpadding; j++)



{



  if( (int) (p2min[k].y-bbxpadding) >= 0 )



  track.u[p2min[k].y-bbxpadding][j]=255;



  track.u[p2max[k].y+bbxpadding][j]=255;



}


    }


 /* create the template */


 for(k=0; k<objNum; k++)


   {


     templatebbx[k][0] = 0;


     templatebbx[k][1] = p2max[k].x - p2min[k].x;


     templatebbx[k][2] = 0;


     templatebbx[k][3] = p2max[k].y - p2min[k].y; 


      VXmakeimage(&template[k], VX_PBYTE, templatebbx[k] , ib[0].chan); 


      for(i = 0; i >=0 && i < templatebbx[k][3]; i++)



for(j = 0; j>=0 && j < templatebbx[k][1]; j++)



     template[k].u[i][j] = ib[0].u[i+p2min[k].y][j+p2min[k].x]; 


    }


}


  /*********** End Object Segmentation and template creation ************/


  /***** For other frames, tracking is done by template matching *****/


else 


  {


    /* Find MAE matching objects */


    for(k=0; k<objNum ; k++)


      {



minError = 999999;



currError = minError;



for(i=Mn.ylo; i<Mn.yhi-templatebbx[k][3];i++)



  for(j=Mn.xlo; j<Mn.xhi-templatebbx[k][1];j++)



    {



       if(i+offset < Mn.yhi && j+offset)



      {




if(Mn.u[i][j]!=0 || Mn.u[i+offset][j+offset]!=0 )




    {




      tmppoint.x = j; tmppoint.y=i;





 currError = getMAE(tmppoint, k);







      if(currError < minError)





{





  minError = currError;





  object[k] = tmppoint;





}




    }



      }



    }


      }


    /* update template  */


    /* copy the values of current image into the template image */    

          /* for the object area                                      */


    for(k=0; k<objNum; k++)


      {



if(object[k].x!=0 && object[k].y!=0)



  {



    for(i = 0; i >=0 && i < templatebbx[k][3]; i++)



      for(j = 0; j>=0 && j < templatebbx[k][1]; j++)




template[k].u[i][j] = ib[0].u[i+object[k].y][j+object[k].x]; 



  }


      }


    /* create a bbx */


    VXembedimage(&track ,&ib[0],0,0,0,0); /* copy ib[0] into track */


    for(k=0; k<objNum; k++)


      {



if(object[k].x!=0 && object[k].y!=0)



  {



  for(i = object[k].y-bbxpadding; i >=0 && 

      i <= object[k].y+templatebbx[k][3]+bbxpadding; i++)



    {



      if( (int) (object[k].x-bbxpadding) >= 0 )




track.u[i][object[k].x-bbxpadding]=255;



    track.u[i][object[k].x+(int)(templatebbx[k][1])+bbxpadding]=255;



    }



  for(j = object[k].x-bbxpadding; j>=0 && 

j <= object[k].x+templatebbx[k][1]+bbxpadding; j++)



    {



      if( (int) (object[k].y-bbxpadding) >= 0 )




track.u[object[k].y-bbxpadding][j]=255;





    track.u[object[k].y+(int)(templatebbx[k][3])+bbxpadding][j]=255;



    }



  }


      }


  }

          /********   End template matching and tracking ************/


  frameNumber++;

   VXwriteframe(VXout, track.list);          /* write tracked image frame     */

  if(OVAL2) VXwriteframe(VXout2,segImm.list);/* write segmented object frame  */

  if(OVAL3) VXwriteframe(VXout3,Mn.list);    /* write motion difference frame */

    }  

    if (first)

    {

        fprintf(stderr,"vssum: not enough frames in image set\n");

        exit(1);

    }

    VXclose(VXin);                            /* close files                  */

    VXclose(VXout);

    if(OVAL2) VXclose(VXout2);

    if(OVAL3) VXclose(VXout3);

    exit(0);

}

/* recursive setlabel function 

 * setlabel considers  8-connected pixels to be of the same

 * component.

 * First setlabel assigns current label value to current pixel then

 * if any of the 8 8-neighbor pixels is found then invoke setlabel

 * function with the same label value 

 */

setlabel(int i, int j, int l, VisXimage_t im, VisXimage_t tm)

{

  unsigned compareValue;

  compareValue = setZero ? firstIntensity : 0;

  im.u[i][j] = setZero ? 0 : l;          

  numPixel++;

  if(( tm.u[i][j+1] != 0) && (im.u[i][j+1] == compareValue)  && 

     ( abs(tm.u[i][j+1] - firstIntensity) <= range ))

      setlabel(i,j+1,l, im, tm);

  if(( tm.u[i][j-1] != 0) && (im.u[i][j-1] == compareValue)  && 

     ( abs(tm.u[i][j-1] - firstIntensity) <= range ))

    setlabel(i,j-1,l, im, tm);

  if(( tm.u[i+1][j] != 0) && (im.u[i+1][j] == compareValue)  && 

     ( abs(tm.u[i+1][j] - firstIntensity) <= range ))

    setlabel(i+1,j,l, im, tm);

  if(( tm.u[i-1][j] != 0) && (im.u[i-1][j] == compareValue)  && 

     ( abs(tm.u[i-1][j] - firstIntensity) <= range ))

    setlabel(i-1,j,l, im, tm);

  /* the diagonals */

  if(( tm.u[i-1][j-1] != 0) && (im.u[i-1][j-1] == compareValue)  && 

     ( abs(tm.u[i-1][j-1] - firstIntensity) <= range ))

    setlabel(i-1,j-1,l, im, tm);

  if(( tm.u[i-1][j+1] != 0) && (im.u[i-1][j+1] == compareValue)  && 

     ( abs(tm.u[i-1][j+1] - firstIntensity) <= range ))

    setlabel(i-1,j+1,l, im, tm);

  if(( tm.u[i+1][j-1] != 0) && (im.u[i+1][j-1] == compareValue)  && 

     ( abs(tm.u[i+1][j-1] - firstIntensity) <= range ))

    setlabel(i+1,j-1,l, im, tm);

  if(( tm.u[i+1][j+1] != 0) && (im.u[i+1][j+1] == compareValue)  && 

     ( abs(tm.u[i+1][j+1] - firstIntensity) <= range ))

    setlabel(i+1,j+1,l, im, tm);

}

/* Error Function

 * Returns the total error between an image area  

 * of the current template size drawn at an input point

 * at a given point and the template itself

 */

float getMAE(struct point Image, unsigned k)

{

  float error=0;

  int i,j;

  for(i=0;i<templatebbx[k][3];i++) 

    for(j=0;j<templatebbx[k][1];j++) {

      error = error + abs(ib[0].u[Image.y+i][Image.x+j]-template[k].u[i][j]);

    }

  error = error/(templatebbx[k][3]*templatebbx[k][1]);

  return error;

}

